Human motion analysis methods have received increasing attention during the last two decades. In parallel, data fusion technologies have emerged as a powerful tool for the estimation of properties of objects in the real world. This papers presents a view of human motion analysis from the viewpoint of data fusion. JDL process model and Dasarathy's input-output hierarchy are employed to categorize the works in the area. A survey of the literature in human motion analysis from multiple cameras is included. Future research directions in the area are identified after this review.
Introduction
The recognition of human movements [1] has been studied by the computer vision community for more than twenty years. The developments made during this period have enabled the creation of multiple systems. Automatic Surveillance [2], Ambient Intelligence [8] or Human Computer Interaction [5] are some of them. Abnormal behavior detection is employed in Video Surveillance Systems to detect suspicious behaviors that might be assessed as a thread. Smart home environments analyze actions and mood of the inhabitants to adapt the environment to their preferences, changing music or lighting conditions to make it more comfortable. Commercial gaming platforms employ advanced sensors to capture the real movements of the players, providing an enhanced and more realistic experience.
The aim of human movement analysis systems is to transform the pixel intensities in the input video sequences into a semantic intepretation of them. The interpretation might be defined at different knowledge levels. Aggarwal and Cai [1] propose a hierarchy of gestures, actions, interactions and group activities. Gestures are dened as elementary movements of a persons body part, and are the atomic components describing the meaningful motion of a person. Actions are dened as single-person activities that may be composed of multiple gestures organized temporally. Interactions are human activities that involve two or more persons and/or objects. Group activities are dened as the activities performed by conceptual groups composed of multiple persons and/or objects. These levels should not be interpreted as closed sets, as many times it is not clear at what level operates a given system.
The first human motion analysis systems developed where limited to the usage of a single camera view. However, in recent years, with the aim of deploying human movement analysis systems in the real world, human movement analysis systems have incorporated multiple camera views, as they provide different advantages:
-Viewpoint invariance. The appearance of actions changes according to the orientation in the execution in the action with respect to the camera. Thus, employing multiple views provides complementary information to achieve a more robust recognition. -Robustness towards occlusions. In real environments there is usually multiple furniture, walls or other objects that produce partial occlusions in the observed target. The way to overcome this limitation and not loss important motion information is to observe the scene from multiple viewpoints. -Wider scene coverage. A single camera has a very limited coverage. Multiple cameras are needed to cover full scenes.
Data Fusion studies the efficient combination of measurements obtained from multiple sensors or, alternatively, the temporal measurements obtained from a single sensor, in order to achieve more specific inferences about the state of one or more entities than the ones that could be achieved by using a single, independent, sensor [14] . Human movement analysis systems are covered by this definition, independently of the number of cameras employed and the level of abstraction where the analysis is made. However, to the best of our knowledge, the recognition of human movement has not been studied from the viewpoint of data fusion. The purpose of this paper is to analyze human movement analysis applications from the viewpoint of data fusion.
Contributions
The contributions of this paper might be summarized as:
-A review of relevant data fusion concepts and frameworks.
-A characterization of Human Action Recognition systems from the viewpoint of the JDL process model. -A survey of the literature of human action recognition from multiple cameras employing the taxonomy provided by Dasarathy's input-output framework.
Paper Organization
Paper is organized as follows. Section 2 presents the main concepts and frameworks developed by the data fusion community. Section 3 studies the relationship
